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Summary
Objectives: Although physicians frequently perform palpation of the apex beat to evaluate left
ventricular (LV) size and hypertrophy, the clinical signiﬁcance of apex beat palpation is still
unclear. The introduction of multislice computed tomography (MSCT) has enabled assessment
not only of coronary stenoses but also LV volume, mass, and distance from heart to chest wall.
The aim of this study was to evaluate the relationships among presence, location, and sustained
or double apical impulse of apex beat and LV function, volume, mass, and distance from heart
to chest wall determined by MSCT.
Methods and results: The study population consisted of 200 consecutive patients clinically indi-
cated for MSCT angiography for coronary artery evaluation. Apex palpation was performed with
the patients in the supine and left lateral decubitus positions. Multivariate analysis revealed
that LV mass index (p < 0.01), distance (p < 0.005), and being male (p < 0.005) remained inde-
pendent factors associated with presence of apex beat in the supine position, and that LV mass
index was also associated with location of apex beat. Furthermore, in patients with a palpa-
ble apex beat, LV mass index was an independent factor associated with patterns of sustained
or double apical impulse. In the group of all patients, patterns of sustained or double apical
Abbreviations: LVH, left ventricular hypertrophy; LA, left atrial; LLD, left lateral decubitus; EDV, end-diastolic volume; BMI, body
mass index; MSCT, multislice computed tomography; CAD, coronary artery disease; ESV, end-systolic volume; CI, conﬁdence interval.
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impulse in the supine position had a sensitivity of 57%, speciﬁcity of 90%, positive predictive
value of 68%, and negative predictive value of 85% as an indicator of LV hypertrophy.
Conclusion: Palpation of the apex beat is a sensitive diagnostic maneuver for excluding patients
with increased LV mass. We believe that our observations have important implications for bedside
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Introduction
The importance of palpation of the apex beat on physical
examination has been emphasized to generations of medical
students. Many studies have obtained ﬁndings in the char-
acteristics of the apex beat in relation to heart size and
function. A displaced apex beat is a clinical clue to cardiac
enlargement [1—3], and a sustained pattern has been con-
sidered a sensitive indicator of left ventricular hypertrophy
(LVH) [4,5]. However, few clinicians consider the apex beat
a good discriminator of cardiac enlargement and LVH, since
a number of factors, such as LV volume, LV mass, left atrial
(LA) volume, and distance from the heart to the chest wall,
may affect palpation of the apex beat.
The relationship between the apex beat and heart size
has previously been estimated using various modalities, such
as chest X-ray [6,7], transthoracic echocardiography [1,2,5],
and ultrafast computed tomography [3]. Mulkerrin et al. [7]
compared the presence and location of the apex beat in
the left lateral decubitus (LLD) position with heart size cal-
culated from chest X-ray, and reported that the apex beat
was not a useful clinical marker of heart size, being pal-
pable in only 35% of subjects. Even when an impulse was
palpable, displacement of the apex beat had a sensitivity
of 69%, speciﬁcity of 74%, positive predictive value of 69%,
and negative predictive value of 69% as a marker of car-
diac enlargement. However, the reliability of radiographic
cardiothoracic ratio as a surrogate for cardiac enlarge-
ment is quite limited. A few echocardiographic studies have
assessed the apex beat using quantitative LV data, but in
most of them apex palpation was performed with patients
in the LLD position to ensure adequate echocardiographic
image quality [1,2,5,8]. Eilen et al. reported that location
of the apex beat in relation to the mid-clavicular line is
not a reliable indicator of increased LV end-diastolic vol-
ume (EDV) [1]. However, they also palpated the apex beat
only in the LLD position, and could not determine the clini-
cal signiﬁcance of the apex beat in positions other than this.
Rotating the patient into the LLD position causes the heart to
move laterally. Furthermore, echocardiographic image qual-
ity depends on the skill of the operator and body mass index
(BMI) of the patient, and might be impaired by a poor acous-
tic window or inadequate endocardial border discrimination
in 5—10% of patients [9]. Thus, critical limitations remain
associated with the use of echocardiography as a gold stan-
dard for evaluation of the apex beat. Although examination
of palpation was a secondary aim of their study and pat-
terns of the apex beat were not assessed, Heckerling et
al., using ultrafast computed tomography [3], determined
the sensitivity and speciﬁcity of apex beat distance from
the midsternal line and apex beat diameter in detecting
increased LV EDV and LV mass. They concluded that although
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pex beat diameter in the LLD position detected increased
V EDV or LV mass with a sensitivity of 100% and a speci-
city of 40%, low rate of agreement between physicians may
imit its clinical utility. Moreover, BMI and heart-to-chest dis-
ance were not taken into account in their study, although
t is known from ﬁndings of palpation that the apex beat is
nﬂuenced by these factors.
Recently, multislice computed tomography (MSCT) has
eached a spatial and temporal resolution high enough for
ssessment not only of coronary artery stenoses [10] and
laques [11—13] but also LV function, volume, and mass, and
A volume [14—16]. MSCT also enables precise measurement
f the distance from the heart to the chest wall. However,
ittle objective evidence exists to validate palpation of the
pex beat as a means of diagnosis of increased LV mass.
e therefore examined how apex beat patterns obtained by
alpation depend on patient position, as well as LV function,
V volume, LV mass, LA volume, and heart-to-chest distance
etermined by MSCT, among other factors.
ethods
atients
he study population consisted of 200 consecutive patients
153 males, 47 females; mean age± S.D., 64± 11 years) at
saka City University clinically indicated for MSCT angiog-
aphy for coronary artery evaluation between May 2007
nd August 2008. Among these 200 patients, 60 had known
oronary artery disease (CAD) (47 had undergone coronary
rtery bypass surgery, while 13 had undergone percutaneous
oronary intervention); 114 were suspected to have CAD; 7
ad valvular heart disease; and the remaining 19 had other
ardiac diseases (cardiomyopathy and aortic aneurysm).
atients with atrial ﬁbrillation were excluded from the
tudy.
The following data parameters were determined: age,
ex, presence of risk factors (smoking, hypertension as
eﬁned by the US Joint National Committee VII, diabetes
ellitus as deﬁned by the World Health Organization Study
roup, or hypercholesterolemia as deﬁned by the Japan
therosclerosis Society Guidelines), BMI, blood pressure
efore image acquisition, and heart rates during scanning.
MI was calculated by dividing body weight (kg) by the
quare of height (m), with BMI ≥25.0 deﬁned as obesity.
The study was approved by the hospital Ethics Commit-hysical diagnostic maneuvers
mmediately before image acquisition, apex palpation was
erformed with patients ﬁrst in the supine and then in the
5-deg LLD position. The point furthest down and outwards
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n the chest wall where the ﬁnger was lifted by a car-
iac impulse was considered the apex beat. The location
nd pattern of each impulse that was felt were noted, and
he center of the apex beat was located in relation to the
id-clavicular line, deﬁned as half the distance between
he sternal notch and the tip of the acromial process. When
o impulse was felt in the supine position, the patient was
laced in the LLD position, and only the apex beat pattern
as assessed. The apex beat was categorized into three pat-
erns: ‘‘tapping’’, when it was palpable as a single, brief
utward impulse; ‘‘sustained’’, when it was associated with
n outward impulse lasting up to or longer than the second
eart sound; or ‘‘double apical impulse’’, when one impulse
as felt in early systole and another in diastole [4]. The
atients were examined by a cardiologist with more than
0 years of experience who was blind to clinical history and
SCT ﬁndings. To determine agreement concerning pattern
nd location of the apex beat, a subset of 50 patients was
lso examined by a second cardiologist blind to the results
f the ﬁrst investigator and to clinical history and MSCT
ndings.
SCT image acquisition and reconstruction
he patients were scanned in the supine position during
single breath-hold in the cranio-caudal direction with a
4-slice CT scanner (SOMATOM Sensation 64 Siemens, Erlan-
en, Germany). Patients with a heart rate of >65 beats/min
eceived 20—60mg metoprolol orally 2 h before the MSCT
can (171/200; 86%). In addition, all patients received
.6mg nitroglycerin sublingually immediately before scan-
ing.
For coronary CT angiography, 65—85mL of contrast
edium (Iopamiron 370, Bayer HealthCare, Berlin, Ger-
any), depending on body weight, was injected through a
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igure 1 Measurements of the distances from the left ventricular
A) The minimum line from the left ventricular apex to the inner wa
he early systolic phase. (B) The sagittal image, where the plane p
o measure the distances from the left ventricular apex to the inn
ead) = the distance from the left ventricular apex to the inner wal
entricular to the chest surface.S. Ehara et al.
ual-head injector at a rate of 4.0mL/s into a cubital vein,
ollowed by 30mL of saline solution chaser. The scan delay
as determined using the bolus tracking technique. The CT
xamination was performed with a tube voltage of 120 kV, an
ffective tube current—time product of 770 effective mAs, a
ollimation of 64mm× 0.6mm, a pitch of 0.2, and a gantry
otation time of 330ms.
nalysis of CT images
xial image series were reconstructed from the raw data
very 10% (0—90%) of the RR interval with an effective slice
hickness of 0.75mm and an increment of 0.4mm. A ﬁeld
f view of 180mm× 180mm, 512× 512 matrix, and medium
mooth convolution kernel (B25f) were applied.
First, we analyzed the LV EDV, end-systolic volume (ESV),
jection fraction, and LV mass using commercially avail-
ble software for cardiac evaluation (syngo Circulation,
iemens), and indexed them to body surface area. This
oftware has been previously validated [14—18]. LVH was
iagnosed if LV mass index was >104 g/m2 in women or
116 g/m2 in men, and LV enlargement was deﬁned as an
DV index >109.2mL/m2 [3,19].
We then analyzed LA volume with the same software.
aximum LA volume was measured at end-systole imme-
iately preceding mitral valve opening, using Simpson’s
ethods as previously described [16,20]. The conﬂuence of
he pulmonary veins and LA appendage were excluded in the
easurements.
Finally, we measured the distances from the LV apexo the inner wall of the chest and to the chest surface.
rieﬂy described, the minimum line from the LV apex to
he inner wall of the chest was identiﬁed visually from the
xial images in the early systolic phase (Fig. 1A). Then, the
agittal image, where the plane passes through that mini-
apex to the inner wall of the chest and to the chest surface.
ll of the chest was identiﬁed visually from the axial images in
asses through that minimum line (black line in (A)), was used
er wall of the chest and to the chest surface. X (short arrow
l of the chest; Y (long arrow head) = the distance from the left
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Table 1 Univariate analysis of the presence of apex beat in the supine or left lateral decubitus position.
Supine Left lateral decubitus
Presence (n = 67) Absence (n = 133) p Presence (n = 145) Absence (n = 55) p
Age, years 63± 13 65± 10 0.412 63± 11 66± 11 0.089
Male, n 41 (61%) 112 (84%) 0.0007 108 (74%) 45 (82%) 0.351
Hypertension, n 47 (70%) 91 (68%) 0.872 102 (70%) 36 (65%) 0.499
Hypercholesterolemia, n 27 (40%) 68 (51%) 0.177 66 (46%) 29 (53%) 0.428
Diabetes mellitus, n 15 (22%) 45 (34%) 0.105 38 (26%) 22 (40%) 0.083
Smoking, n 15 (22%) 38 (29%) 0.399 38 (26%) 15 (27%) 0.860
Previous chest surgery, n 17 (25%) 34 (26%) 0.999 36 (25%) 15 (27%) 0.720
Presence of anterior wall asynergy, n 10 (15%) 17 (13%) 0.667 21 (14%) 6 (11%) 0.645
Body mass index, kg/m2 23.8± 3.8 24.1± 4.1 0.524 23.6± 3.4 25.1± 5.0 0.080
Obesity >25 kg/m2, n 20 (30%) 49 (37%) 0.349 46 (32%) 23 (42%) 0.187
Blood pressure
Systole, mmHg 140± 24 136± 22 0.417 138± 23 137± 22 0.867
Diastole, mmHg 78± 14 80± 13 0.398 78± 13 81± 14 0.282
Heart rate, beats/min 61± 10 60± 11 0.261 61± 10 59± 10 0.468
EDV, mL 158± 62 132± 36 0.0008 146± 50 125± 38 0.0005
EDV index, mL/m2 97± 33 79± 19 0.0001 89± 27 74± 18 0.0001
ESV, mL 77± 51 56± 27 0.030 68± 41 51± 22 0.007
ESV index, mL/m2 47± 30 34± 15 0.015 41± 24 30± 11 0.003
Ejection fraction, % 55± 16 59± 11 0.234 56± 14 60± 10 0.200
LV mass, g 188± 74 157± 47 0.002 172± 62 156± 50 0.100
LV mass index, g/m2 115± 40 94± 22 0.0003 104± 33 92± 23 0.030
Left atrial volume, mL 86± 35 76± 29 0.071 81± 31 74± 31 0.173
Distance from heart to
Inner wall of chest, cm 0.53± 0.53 1.09± 0.73 0.0001 0.83± 0.63 1.11± 0.87 0.051
Chest surface, cm 2.76± 0.80 3.17± 0.84 0.0002 2.94± 0.79 3.27± 0.97 0.016
Values are mean± S.D. or n (percentage). EDV, end-diastolic volume; ESV, end-systolic volume; LV, left ventricular.
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um line, was used to measure the distances from the LV
pex to the inner wall of the chest and to the chest surface
Fig. 1B).
tatistical analyses
esults are the mean± S.D. Statistical comparisons between
wo groups were performed by the Mann—Whitney U-
est. Categorical variables were compared by chi-square
est. Concordance between investigators was assessed
y weighted  statistics. Multivariate logistic regression
nalyses were performed to identify independent factors
ssociated with a palpable apex beat, or patterns of sus-
ained or double apical impulses, and location of lateral
o mid-clavicular line. Univariate predictors with a p value
0.05 were entered into the multivariate model. The odds
atio and its 95% conﬁdence interval (CI) for signiﬁcant inde-
endent variables in multivariate analysis were calculated.
-values <0.05 were considered signiﬁcant.
esultsresence of the apex beat
he factors associated with the presence or absence of an
pex beat in the supine or LLD position are shown in Table 1.
ixty-seven (34%) of the 200 patients examined in the supine
a
t
m
d
p
Table 2 Univariate analysis of patterns of apex beat in the supin
Tapping (n = 23)
Age, years 63± 16
Male, n 13 (57%)
Hypertension, n 14 (61%)
Hypercholesterolemia, n 11 (48%)
Diabetes mellitus, n 5 (22%)
Smoking, n 5 (22%)
Previous chest surgery, n 9 (39%)
Presence of anterior wall asynergy, n 5 (22%)
Body mass index, kg/m2 23.3± 3.8
Obesity >25 kg/m2, n 5 (22%)
Blood pressure
Systole, mmHg 125± 17
Diastole, mmHg 74± 12
Heart rate, beats/min 61± 11
EDV, mL 129± 36
EDV index, mL/m2 83± 23
ESV, mL 54± 37
ESV index, mL/m2 35± 26
Ejection fraction, % 60± 15
LV mass, g 136± 38
LV mass index, g/m2 87± 22
Left atrial volume, mL 75± 32
Distance from heart to
Inner wall of chest, cm 0.65± 0.57
Chest surface, cm 2.97± 0.89
Values are mean± S.D. or n (percentage). EDV, end-diastolic volume; ES. Ehara et al.
osition had a palpable apex beat. EDV (index) (p < 0.0001),
SV (index) (p < 0.05), and LV mass (index) (p < 0.0005) were
igniﬁcantly higher in these patients than in patients without
palpable apex beat. In addition, the distances from the left
entricle to the inner wall of the chest (p < 0.0001) and to
he chest surface (p < 0.0005) were smaller in these patients
nd incidence of male gender (p < 0.001) was signiﬁcantly
ower among them. There were no signiﬁcant differences in
ther factors between patients with or without apex beat. In
ontrast, 145 (73%) of the 200 patients had a palpable apex
eat in the LLD position. Their EDV (index), ESV (index),
V mass index, and distance to the chest surface differed
igniﬁcantly from those in patients without palpable apex
eat.
atterns of the apex beat
ables 2 and 3 show the factors associated with patterns of
he apex beat for patients with a palpable apex beat in the
upine or LLD position. Among patients (n = 67) with a pal-
able apex beat in the supine position, 23 patients (34%)
ad a tapping pattern, 32 (48%) had a sustained pattern,
nd 12 (18%) had a double apical impulse. Systolic and dias-
olic blood pressure, LV EDV (index), ESV (index), and LV
ass (index) in patients with either sustained pattern or
ouble apical impulse were signiﬁcantly larger than those in
atients with a tapping pattern. Ejection fraction was sig-
e position.
Sustained or double apical impulse (n = 44) p
63± 11 0.394
28 (64%) 0.606
33 (75%) 0.268
16 (36%) 0.436
10 (23%) 0.999
10 (23%) 0.999
8 (18%) 0.080
5 (11%) 0.294
24.1± 3.8 0.380
15 (34%) 0.402
147± 24 0.0003
81± 14 0.040
61± 10 0.937
173± 68 0.003
104± 36 0.011
89± 53 0.002
53± 31 0.010
52± 16 0.026
216± 74 0.0001
129± 39 0.0001
92± 36 0.076
0.47± 0.50 0.150
2.65± 0.74 0.112
SV, end-systolic volume; LV, left ventricular.
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Table 3 Univariate analysis of patterns of apex beat in the left lateral decubitus position.
Tapping (n = 65) Sustained or double apical impulse (n = 80) p
Age, years 64± 12 63± 10 0.363
Male, n 47 (72%) 61 (76%) 0.702
Hypertension, n 38 (58%) 64 (80%) 0.006
Hypercholesterolemia, n 34 (52%) 32 (40%) 0.180
Diabetes mellitus, n 17 (26%) 21 (26%) 0.999
Smoking, n 14 (22%) 24 (30%) 0.262
Previous chest surgery, n 15 (23%) 21 (26%) 0.703
Presence of anterior wall asynergy, n 9 (14%) 12 (15%) 0.999
Body mass index, kg/m2 23.1± 3.3 24.0± 3.4 0.117
Obesity >25 kg/m2, n 17 (26%) 29 (36%) 0.213
Blood pressure
Systole, mmHg 129± 22 144± 23 0.0001
Diastole, mmHg 76± 12 81± 14 0.029
Heart rate, beats/min 61± 10 60± 10 0.347
EDV, mL 129± 33 161± 57 0.0001
EDV index, mL/m2 81± 20 96± 30 0.0005
ESV, mL 55± 27 78± 48 0.001
ESV index, mL/m2 34± 18 47± 27 0.005
Ejection fraction, % 59± 12 54± 15 0.024
LV mass, g 139± 34 198± 66 0.0001
LV mass index, g/m2 87± 19 118± 35 0.0001
Left atrial volume, mL 71± 27 88± 33 0.002
Distance from heart to
Inner wall of chest, cm 0.96± 0.65 0.72± 0.60 0.021
me; E
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FChest surface, cm 3.04± 0.82
Values are mean± S.D. or n (percentage). EDV, end-diastolic volu
niﬁcantly lower in patients with either sustained pattern or
double apical impulse than in patients with a tapping pat-
tern (Table 2). Among those (n = 145) with a palpable apex
beat in the LLD position, 65 patients (45%) had a tapping
pattern, 66 (46%) had a sustained pattern, and 14 (10%)
had a double apical impulse. As shown in Table 3, there
were signiﬁcant differences in the incidence of hypertension
(p < 0.01), systolic (p < 0.0001) and diastolic (p < 0.05) blood
pressure, EDV (index) (p < 0.0005), ESV (index) (p < 0.005),
ejection fraction (p < 0.05), LV mass (index) (p < 0.0001), left
atrial volume (p < 0.005), and distance to the inner wall of
the chest (p < 0.05) between patients with a tapping pattern
and those with either a sustained pattern or double apical
impulse.
Location of the apex beat in the supine position
As shown in Table 4, EDV (index), ESV (index), and LV
mass (index) in patients with a palpable apex beat lat-
eral to the mid-clavicular line were signiﬁcantly higher and
ejection fraction was signiﬁcantly lower than in patients
with a palpable apex beat medial to the mid-clavicular
line.Multivariate analysis
Multivariate logistic regression analyses were performed
to identify independent factors associated with the pres-
s
a
o
p
(2.86± 0.76 0.082
SV, end-systolic volume; LV, left ventricular.
nce of an apex beat, patterns of sustained or double
pical impulse, and location lateral to the mid-clavicular
ine (Table 5). The presence of an apex beat in the supine
osition was associated with the following independent fac-
ors: LV mass index (odds ratio 1.021, p < 0.01), distance
rom the left ventricle to the inner wall of the chest
odds ratio 0.355, p < 0.005), and incidence of male gen-
er (odds ratio 0.264, p < 0.005). In the LLD position, only
DV index was an independent factor for the presence of an
pex beat.
For impulses felt in the supine position, only LV mass
ndex was an independent factor associated with pat-
erns of sustained or double apical impulse (odds ratio
.048, p < 0.05). In contrast, for impulses felt in the
LD position, hypertension (p < 0.05) and LV mass index
p < 0.0001) were independent factors associated with these
atterns.
LV mass index was the only independent factor associated
ith the location of the apex beat in the supine position.
In our population, the prevalences of LVH and LV enlarge-
ent were 27% and 15%, respectively. Table 6 shows
ensitivity, speciﬁcity, and predictive values of the pattern
f sustained or double apical impulse as an indicator of LVH.
or the study group as a whole (n = 200), the patterns of
ustained or double apical impulse in the supine position as
n indicator of LVH had a sensitivity of 57%, a speciﬁcity
f 90%, a positive predictive value of 68%, and a negative
redictive value of 85%. These values in the obese patients
BMI ≥25.0) were lower than those in the non-obese ones.
262 S. Ehara et al.
Table 4 Univariate analysis of location of apex beat in the supine position.
Medial to mid-clavicular line (n = 44) Lateral to mid-clavicular line (n = 23) p
Age, years 62± 14 63± 11 0.926
Male, n 23 (52%) 18 (78%) 0.063
Hypertension, n 33 (75%) 14 (61%) 0.268
Hypercholesterolemia, n 20 (45%) 7 (30%) 0.298
Diabetes mellitus, n 12 (27%) 3 (13%) 0.230
Smoking, n 9 (20%) 6 (26%) 0.759
Previous chest surgery, n 11 (25%) 6 (26%) 0.999
Presence of anterior wall asynergy, n 6 (14%) 4 (17%) 0.726
Body mass index, kg/m2 23.2± 2.9 24.9± 4.9 0.413
Obesity >25 kg/m2, n 12 (27%) 8 (35%) 0.580
Blood pressure
Systole, mmHg 140± 26 139± 22 0.919
Diastole, mmHg 79± 14 77± 13 0.513
Heart rate, beats/min 63± 10 57± 9 0.054
EDV, mL 142± 43 189± 81 0.005
EDV index, mL/m2 90± 26 109± 41 0.022
ESV, mL 64± 41 102± 59 0.004
ESV index, mL/m2 41± 27 59± 33 0.024
Ejection fraction, % 58± 15 49± 16 0.018
LV mass, g 164± 50 235± 90 0.001
LV mass index, g/m2 103± 30 136± 47 0.005
Left atrial volume, mL 82± 36 93± 32 0.217
Distance from heart to
Inner wall of chest, cm 0.47± 0.46 0.65± 0.63 0.418
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pChest surface, cm 2.72± 0.75
Values are mean± S.D. or n (percentage). EDV, end-diastolic volu
ensitivity in males (54%) was lower than in females (64%)
hile positive predictive value was relatively high in males
75%). Among patients (n = 67) with a palpable apex beat
n the supine position, the corresponding values were 88%,
8%, 68%, and 83%, respectively. Furthermore, among all
atients (n = 200), the patterns of sustained or double api-
al impulse in the LLD position as an indicator of LVH had
sensitivity of 74%, a speciﬁcity of 72%, a positive predic-
ive value of 49%, and a negative predictive value of 88%. In
he LLD position, there were few differences in these values
etween obese and non-obese patients or gender groups.
mong patients (n = 145) with a palpable apex beat in the
LD position, the corresponding values were 83%, 58%, 49%,
nd 88%, respectively.
As an indicator of LV enlargement, presence of an apex
eat lateral to the mid-clavicular line had a sensitivity of
4%, speciﬁcity of 92%, positive predictive value of 43%, and
egative predictive value of 89% for the group of all patients
n = 200), and corresponding values of 53%, 73%, 43%, and
0% for patients (n = 67) with a palpable apex beat in the
upine position.
oncordance between investigators regarding
attern and location of the apex beat
oncordance between investigators measured as a weighted
statistic for classiﬁcation of patterns of the apex beat into
our categories (no apex beat, tapping pattern, sustained
t
p
i
o
c2.83± 0.90 0.828
SV, end-systolic volume; LV, left ventricular.
attern, double apical impulse) was substantial, at 0.88 (95%
I, 0.78—0.98) in the supine and 0.81 (95% CI, 0.69—0.93) in
he LLD position.
Concordance between investigators for classiﬁcation of
ocation of the apex beat into three categories (no apex
eat, medial, lateral) was substantial, at 0.86 (95% CI,
.75—0.98).
iscussion
he present study is the ﬁrst to validate apex beat palpation
s a diagnostic maneuver by demonstrating the relationship
etween apex beat patterns of patients in different positions
nd LV function, volume, and mass, LA volume, and distance
rom the heart to the chest wall determined by MSCT.
Although physicians frequently perform palpation of the
pex beat to evaluate cardiac size, function, and LVH,
he clinical signiﬁcance of this diagnostic maneuver has
emained unclear. The major ﬁnding of this study is that
ot only LV mass index but also the distance from the left
entricle to the chest wall and incidence of male patients
ere associated with a palpable apex beat in the supine
osition, and that LV mass index was also associated with
he location of the apex beat. Furthermore, in patients with
alpable apex beat in either supine or LLD position, LV mass
ndex was an independent factor associated with patterns
f sustained or double apical impulse. LV mass index is thus
onsistently related to various indicators of the apex beat.
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Table 5 Multivariate logistic regression analysis.
Odds ratio 95% CI Multivariate p
Presence of apex beat
In supine position
Male 0.264 0.117—0.598 0.001
EDV index 1.015 0.988—1.044 0.285
ESV index 0.996 0.966—1.026 0.772
LV mass index 1.021 1.006—1.036 0.006
Distance to inner wall of chest 0.355 0.186—0.679 0.002
In decubitus position
EDV index 1.030 1.000—1.061 0.049
ESV index 1.002 0.966—1.039 0.934
LV mass index 1.004 0.989—1.019 0.633
Distance to chest surface 0.691 0.462—1.033 0.071
Pattern of sustained or double apical impulse
In supine position
Systolic blood pressure 1.035 0.995—1.076 0.088
EDV index 1.023 0.965—1.085 0.438
ESV index 0.978 0.922—1.038 0.467
LV mass index 1.048 1.008—1.089 0.018
In decubitus position
Hypertension 2.776 1.039—7.415 0.042
Systolic blood pressure 1.018 0.997—1.040 0.098
EDV index 1.029 0.988—1.071 0.168
ESV index 0.966 0.926—1.008 0.112
LV mass index 1.054 1.027—1.082 0.0001
Left atrial volume 1.005 0.987—1.024 0.561
Distance to inner wall of chest 0.849 0.422—1.710 0.647
Lateral to mid-clavicular line
In supine position
EDV index 1.003 0.978—1.029 0.809
Ejection fraction 0.993 0.947—1.041 0.772
lic vo
o
w
s
p
u
h
t
v
t
s
l
t
h
T
pLV mass index 1.020
CI, conﬁdence interval; EDV, end-diastolic volume; ESV, end-systo
Among patients with palpable apex beat in either supine or
LLD position, the sensitivity and negative predictive value
of patterns of sustained or double apical impulse for detec-
tion of LVH were good, although their speciﬁcity was poor.
Furthermore, for the study group as a whole, including both
patients with and those without palpable apex beat, neg-
ative predictive value remained high while sensitivity was
relatively low in the supine position (57%), because the pres-
ence of an apex beat in the supine position was inﬂuenced
by distance from the left ventricle to the chest wall. There-
fore, every one of the sensitivity, the speciﬁcity, the positive
and the negative predictive values in the obese patients was
lower than those in the non-obese group. Interestingly, this
tendency disappeared in the LLD position. In this study, in
the supine position, an apex beat was present in only 34%
of patients (67/200) while 66% lacked an apex beat; these
percentages appear to be more or less in line with those
in previous studies. These results indicate that palpation of
the apex beat on physical examination is a bedside ﬁnding
useful for excluding increased LV mass. Moreover, since in
the supine position the positive predictive value of patterns
a
d
t
u1.001—1.039 0.038
lume; LV, left ventricular.
f sustained or double apical impulse in detection of LVH
as relatively good (68%), palpation of the apex beat in the
upine position is better for detection of increased LV mass.
The apex beat of male patients in our cohort was poorly
alpated in the supine position. The reason for this is
nknown. However, the incidence of current smoking was
igher in males (29%) than in females (17%), although not
o a statistically signiﬁcant extent. Increase in residual lung
olume might result in absence of the apex beat, although
his factor was not considered in this study. Furthermore,
everal studies demonstrated that LV aneurysm produced a
arger-than-normal area of pulsation of the LV apex or a sus-
ained systolic bulge [21,22]. In our cohort only two patients
ad apical dyskinesis, and no patients had apical aneurysm.
hese two patients with apical dyskinesis had a sustained
attern in the supine position. The data are too small to be
nalyzed in the present study. Further studies are needed to
etermine whether this is the case.
Although both the importance and limitations of palpa-
ion of the apex beat have been repeatedly demonstrated
sing various modalities, each previous modality has been
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Table 6 Sensitivity, speciﬁcity, and predictive values of the pattern of sustained or double apical impulse as an indicator of
LVH.
Whole patients Patients with a palpable apex beat
Sensitivity Speciﬁcity PPV NPV Sensitivity Speciﬁcity PPV NPV
In supine position
All 57 90 68 85 88 58 68 83
Body mass index (kg/m2)
≥25.0 47 88 60 81 100 45 60 100
<25.0 62 92 72 87 84 64 72 78
Gender
Male 54 94 75 86 91 61 75 85
Female 64 79 56 84 82 53 56 80
In decubitus position
All 74 72 49 88 83 58 49 88
Body mass index (kg/m2)
≥25.0 74 70 48 88 93 52 48 94
<25.0 74 73 49 89 78 61 49 85
Gender
90
82
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tMale 77 73 49
Female 64 70 47
Values are percentage. LVH, left ventricular hypertrophy; PPV, po
ound to have several disadvantages. With the introduction
f retrospectively ECG-gated MSCT, detection of coronary
tenoses and plaques has become possible, as well as assess-
ent of LV volume, function, and mass. Three-dimensional
3D) techniques using MSCT are clearly better than 2D
chocardiography for assessment of ventricular shape and
alculation of LV mass. Furthermore, MSCT enables mea-
urements of the distance from the apex to the chest wall
ven in obese patients, in whom the thickness of the chest
all and distance from the apex to the chest wall affect
alpation of the apex beat. As a result, it should be noted
hat, unlike most echocardiographic studies, no patient was
xcluded from cardiac quantitative assessment using MSCT
n the present study. However, our proposed method to mea-
ure the distance between the apex and the chest may be
o simple and not provide the short distance exactly. In
ractice, it was difﬁcult to measure the shortest distance
ccurately, in part because of the oblique angle at which the
eart lies within the chest and the continuous movement of
he heart itself, as well as the complexity of body surface
hape. At the present time, we believe that it is impor-
ant to obtain the information using the simpliﬁed measuring
ethod of the distance.
imitations
his study has several limitations. First, previous studies
emonstrated that apical impulse diameter in the LLD or
istance of dullness to percussion from the midsternal line
ere sensitive indicators of increased LV mass [1,3]. How-
ver, these parameters were not assessed in this study,
ue to lack of agreement on ﬁndings between physicians
apical impulse diameter:  = 0.18, and percussion dullness
istance:  = 0.57) [3]. Second, although the  values for the
attern or location of the apex beat as determined by phys-
t
m
l
M
b88 58 49 91
69 58 47 78
predictive value; NPV, negative predictive value.
cal examination were large, the deﬁnitions of apex beat
attern were not quantitative and highly subjective in the
resent study. Objective deﬁnitions of the apex beat pat-
ern and objective measurements of it with methods such
s apex cardiography appear to be important. However, the
pex cardiogram reﬂects the movement of the chest wall
nd represents the pulsation of the entire left ventricle.
ts contour therefore differs from what is perceived on pal-
ation of the apex [22]. Moreover, as noted by O’Neill et
l. [6], apex beat patterns should be considered only one
spect of the clinical physical examination and of limited
alue. Third, the present study clearly showed that LV mass
ndex is consistently related to various indicators of the apex
eat. However, the increase in LV mass may have related to
he compensatory LVH in patients with myocardial infarction
remodeling), in addition to LVH due to systemic hyperten-
ion. Fourth, beta-blocker before the MSCT scan may reduce
he heart rates and increase LV EDV, which may affect the
pex beat palpation. Further studies are needed to deter-
ine whether these factors are associated with the apex
eat palpation. Finally, the results may differ based on the
xperience of the investigators and the body types of study
opulation.
onclusions
ot only LV mass index but also the distance from the
eft ventricle to the chest wall were associated with a
alpable apex beat in the supine position. Palpation of
he apex beat is a sensitive and reproducible diagnos-
ic maneuver for excluding patients with increased LV
ass, although patients with a palpable apex beat are
imited in number. Our observations using state-of-the-art
SCT translated a classical maneuver from experience-
ased to evidence-based medicine. We believe that our
[[
[
[
[
[
[
[
[
[Comprehensive evaluation of apex beat using MSCT
ﬁndings have important implications for bedside clinical
examination.
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